An elongated x-ray coherence area allowed the probing of the anisotropic roughness in orthogonal in-plane directions. Possible mechanisms responsible for the morphological changes in these thin films are discussed.
The specular reflectivity B(q) of x rays from a single (air-substrate) interface can be described by the Fresnel formula multiplied by a Debye-Wailer-like factor [3, 4] as 2 q'e( m* '/»- (1) q+ qs B2(q) = where q and q, are the magnitude of the x-ray momentuxn transfer vectors in air and the glass substrate, respectively, and~is the rms value of interfacial roughness treated as a random distribution of atoms or molecules with respect to an average plane. For a film of thickness t and x-ray refractive index n deposited on the substrate, the reflectivity of x rays can be written [5] where r y and ry, are the x-ray reAectances at the airfilm and film-substrate interfaces, respectively. The interference between the waves reflected from these two interfaces generates Kiessig fringes, which provide accurate measurements of the film thickness, electron density gradients, and the rms roughnesses at the two interfaces. For a Langmuir-Blodgett film consisting of periodic internal structure, one needs to take into account the Bragg scattering and interference between the reflected and Bragg scattered waves [6] .
The determination of the anisotropy in film's morphology is made possible by unequal coherence lengths of the x-ray beam in different directions. The incident x-ray beam has the longest coherence length in the direction of the incident wave vector, which depends primarily on the source and the monochromator. The coherence length in the two transverse directions is determined by the experimental geometry. Consequently, the incident x-ray beam has an elongated coherence length volume, which is several thousand angstroms in one direction and a few hundred angstroms in the transverse out-of-plane directions. Evidently, scattering experiments coherently probe sample volumes that are elongated. Fig. 4(b) ] the Kiessig fringes became well pronounced when the sample was oriented in the x direction, but remained poorly defined for the y direction. In 'the case of an odd number of layers in the LB film, a monolayer was considered in addition to an integer number of bilayers, which formed the "unit cell" of this film.
The structure factor determines the relative intensities of higher-order Bragg peaks, which is directly related to the distribution of electron density within the unit cell. A histogram representation of electron density modulation of the film was drawn, with the head groups and double-bond regions represented as crests with higher effective electron densities than the alkyl chains and methyl end-groups having a higher preponderance of hydrogens and greater intermolecular carbon-carbon spacing represented as troughs.
Roughness at the air-film interface decreased significantly in the x and y directions of the isotropically polymerized PDA film and in the x direction of the linearly polymerized film. Representative [9] . The fact that 12-8 diacetylene is known to undergo polymerization during which intermolecular linkages form within the plane of a layer [9] suggests that "ribbons" of vr bonds formed along the direction of polymerization [ Fig. 3(b) ]. Previous work utilizing isotropically polarized light has established that rearrangement of the alkane pendant groups leads to fibrillization parallel to the polymer backbones and submicrometer-size crystallites [10, 11] . We find that the formation of polymer bonds in eKect "straightened" the layers so as to improve the overall film quality [ Fig. 1(c) LPP technique induces spatially preferential polymerization due to a well-de6ned orientation of the electric 6eld of polarized light. There is a high probability of exciting a molecule that has its transition moment (i.e. , initially unsaturated bond) oriented along that direction. Two studies [11] have reported observation of domains in multilayer PDA films in which polymer backbones form in a speci6c direction within a single domain and a diferent, independent direction in neighboring domains. The direction of bonding in highly ordered submicrometer sized domains depends on the packing and preferred tilt direction of diacetylene molecular seginents [12] . This segment makes an angle of 120 with respect to the alkyl pendant groups and allows uniaxial topochemical polymerization to occur [13] . All the bonds in a particular domain therefore have a high probability of excitation due to a particular orientation of the incident electric vector with respect to the bond, so that in PDA films the smallest "reactive site" is the domain, while in PVMC 6lms it is a pair of molecules as the structure is amorphous. However, in both films, bond formation in the direction of the axis of polarization gives rise to a uniaxial rough surface, which exhibited a "rougher" film direction in the direction parallel to the polarization axis in PVMC films and parallel to that axis in PDA films due to specific geometrical arrangements of reactive sites in the two physical systems examined.
To summarize, anisotropy in the morphology of spincoated PVMC 61ms and Langmuir-Blodgett deposited PDA films resulting from linear photopolymerization has been determined.
Taking advantage of the elongated beam coherence area inherent to the reBectivity technique, we find that PDA LB films became more uniform in the direction of the polarization while remaining "monomerlike" in the perpendicular direction. The preferential bond formation in PVMC films induced roughness in the direction parallel to the polarization of light but left the perpendicular direction unchanged.
